Abstract： Based on the theory of the fuzziness and stochastic finite element solution, a fuzzy monte carlo finite element solution was presented. Firstly, with the λ-cut set of the fuzzy set, fuzzy parameters in a fuzzy engineering structure were transformed into stochastic variables in the uniform distribution function. Secondly, the structure was solved by the monte carlo finite element method. Thirdly, according to the fuzzy expansion and decomposition theorem, the results of a fuzzy engineering structure were obtained. Finally, the sensitivity analysis was applied to reduce solution time. Numerical results of the fuzzy assembly flanged joint structure shown that the solution was efficient.
Introduction
Many engineering structures are lack defined and imprecisely known to be modeled and analyzed by conventional deterministic procedures [1] . Analysis of such systems requires the use of fuzzy information, that is, information that is vague, imprecise, qualitative, linguistic or incomplete. In a structural analysis, the fuzzy or imprecise information may be present in the geometry, material properties, applied load and boundary conditions [2] . The need to incorporate subjective information into the design and analysis of engineering systems has led to the development of fuzzy finite element analysis.
In this work, a practical approach for analyzing the response of structures with fuzzy parameters is developed. The methodology that is presented in this paper involves stochastic finite element method and the fuzzy analysis procedures. The uncertainties in the temperature and structural parameters are represented using fuzzy sets. Once the combinations are obtained, the monte carlo finite element method is then carried out to determine the extreme values of the responses. These quantities are used to construct the membership of the response.
In the following sections, a brief summary of the fuzzy monte carlo finite element methodology is provided. This is followed by an overview of the fuzzy computational strategy.
Fuzzy monte carlo finite element method
According to the fuzzy set [3] , when the fuzzy parameters p in the structural system, the fuzzy finite element equation of the structure can be expressed as K(p)u=F(p) , K as the global stiffness matrix, F as the external load vector, u as the displacement vector. When p=p(λ) as the parameter vector, according to the fuzzy extension and decomposition theorem, the formula can be written as 
Then there is an equivalent uniform distribution function in the corresponding stochastic space, the probability density function:
According to the theory of probability and statistics, this variable can be viewed as a stochastic variable uniformly distributed on the interval
. Therefore, the fuzzy finite element equation can be transformed into a stochastic finite element equation, which is subject to the uniform distribution parameters in the interval of the λ-cut set. The process is as follows:
(2) The λ-cut level is applied to the fuzzy variables; (3) According to the expansion theorem, the interval fuzzy finite element equations under λ cut sets can be transformed into stochastic finite element equations which is subject to a uniform distribution in the λ-cut level intervals; (4) The λ-cut level interval fuzzy finite element equations are solved by the stochastic finite element method; (5) With the fuzzy decomposition theorem, the results' membership functions of the fuzzy finite element model are determined by results of the stochastic finite element method in the different λ-cut sets;
For the random structures, the monte carlo finite element method is a popular and effective method. Monte Carlo PDS method in ANSYS can not only achieve the reliability analysis of the structure, also its sensitivity analysis module can determine the input variables which have a significant influence on the structural response of output. Through the sensitivity analysis to determine the input variables of great influence on the output variable, reduced number of the input variables of less effective, verification of error in two fuzzy output solutions by recalculation.
Assembly flanged joint
Flange has a very important role in pressure vessels and piping systems, while the assembly flanged joint is applied in many fields as one of the most widely used sealing device. A calculation of an assembly flanged joint will be cited as the calculation case, calculation process and specific parameters detailed in the literature [4] .As shown in Fig.1 , an assembly flanged joint is composed of 24-inch flange, 8-inch flange, pipe, manholes and bolts, gaskets and other components. Calculation of the flange and sealing evaluation is mainly conducted for preload conditions and operating conditions. Two groups of bolt preload F1,F2 is applied to the flange when in preload condition, the internal medium pressure of the assembly flanged pipes is 1.4MPa, and the internal medium pressure of the flange is set to P, environment temperature is set to 20 ℃,the operating temperature is set to T. According to the above method, fuzzy input variables should be designed, in this case, the fuzzy input variables are: the operating temperature T, the internal medium pressure P, and two sets of bolt preload F1, F2, and Young's modulus E1 of nuts, Young's modulus E2 of bolts, Young's modulus E3 of flanges. Then, the graphs of triangle membership function of all fuzzy input variables are obtained through MATLAB software program, where applied different λ cut sets, and get the range of all fuzzy input variables at different λ cut set. 
Computation solution
According to the sealing indicators of the flange, taken deflection angle of 8-inch flange and 24-inch flange, gasket minimum stress of 8-inch flange and 24-inch flange as the fuzzy output variables. In ANSYS probability design module (PDS) , the seven fuzzy input variables are defined as uniformly distributed stochastic input variables, using the Monte Carlo simulation of sampling methods, sampling frequency of 48, get the fuzzy results of all output variables of different λ cut sets, the part of fuzzy solution are shown in By calculation, the results of seven fuzzy output variables will also obey the triangle distribution. 
Sensitivity analysis
When the cut set λ=0.5, the sensitivity analysis result of 24-inch flange gasket minimum stress is shown in Fig. 3 , the main affecting factors contain Young's modules of flange and operating pressure. Remove of the fuzzy input variables of no significant effect on 24-inch flange gasket minimum stress , include temperature T, two bolt preload F1, F2, nuts and bolts Young's modulus E1, E2, calculate again with only two effective fuzzy input variables: operating pressure P and Young's modules of flange E3. Fig.3 The sensitivity result of 24-inch flange gasket minimum stress (λ=0.5)
Comparison of the results of the two operations, it was approximately same when removed the fuzzy input variables with no significant effect on the fuzzy output variables, and the latter error was less 3% than the former, but the work of recalculation significantly reduced. The comparison is listed in Table 3 
Conclusion
This paper presents a fuzzy monte carlo finite element solution that can convert a fuzzy variable to an equivalent stochastic variable. According to the fuzzy expansion and decomposition theorem, convert the interval fuzzy finite element equations under the corresponding λ cut set to the equivalent finite element equations of uniform distribution of equivalent interval, solve fuzzy structure by using stochastic finite element method and combined with the sensitivity analysis to obtain the fuzzy input variables has a significant effect on the output [5] .The paper example has shown that the method is simple and effective, and can improve efficiency and ensure solution accuracy of the optimal design of engineering structure design.
